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Abstract 
The study that we conducted with students in secondary education in Morocco was aimed at:- 
misconceptions relating to physical and chemical transformation in general, and especially the concept of redox-Check if students 
use their knowledge appropriately and if they can recognize redox phenomena in everyday life and distinguish it from other 
chemical transformations, such as acid-base reactions, precipitation, dissolution and even the physical transformations.-Check if 
the basic concepts constitute an obstacle to the understanding of the model when they are not assimilated by the students. - 
Propose a didactic approach to contribute to the improvement of the teaching of the concept of redox in high school. 
12 Published by Elsevier Ltd.  
 
Keywords: conceptions of the students, redox, didactic, model, physical transformations, chemical transformations 
1. Introduction 
The concept of redox is present in many chemical transformations in daily life; however, we have noted that the 
model used to interpret the redox processes is often poorly assimilated by students, and many of them have trouble 
distinguishing the redox of other same physical and chemical transformations. The teaching of redox is separated 
from the teaching of the basic concepts of chemistry (atom, molecule, ion, and electron) that we consider essential to 
the understanding of the half-equations model PERHAPS?. Thus, the following questions are required:  
- How would the non-appropriation of such concepts constitute a source of difficulty  in learning with 
respect to redox reactions?  
-  
- Can students differentiate between redox transformations and other transformations after teaching?  
We propose, on the one hand, to investigate whether these basic concepts, which are part of the model used to teach 
redox, constitute an obstacle to the understanding of this model when they are not assimilated by the students. We 
will also check if students use their knowledge appropriately and if they can recognise redox events and to 
distinguish other chemical transformations, such as acid-base transformations, precipitation, dissolutions and even 
physical transformations. 
It should be noted that the population of this study consisted of students who have completed courses in chemistry in 
older programmes. A similar study is underway which looks at secondary year students and college graduates who 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of Prof. Dr. Hüseyin Uzunboylu
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
102   A. Ferouni et al. /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  101 – 107 
attended the course at the new high school and a year of training at the Faculty of Science. This is to get an idea of 
 
To interpret the results of our research, we placed the results in a framework that uses a constructivist approach, and 
advocates that education must be centered on the student who should be involved in any activity of taught learning 
PERHAPS?. This education should be limited to the study of the basic concepts, but must place them in their 
experimental and economic context in connection with their practical and industrial applications. 
 Numerous studies on the chemical concepts, such as Stavridou (1998) and on the distinction of physical and 
chemical phenomena have shown a limited understanding of students. Research conducted by   Soudani (1998) 
showed that the teaching of redox, focusing in a unilateral manner on the model of electron transfer, is not only 
limited understanding of this concept, but represents a nest of obstacles even to the acquisition of this model. 
Various studies have shown that the symbolisation of the equations of reactions in solution is misunderstood by 
many students and they are unable to infer the nature of the moulds species (Goffard, 1993); (Murphy, 2001)[*]. 
The work of Stavridou & Solomonidou (1998) showed that the construction of the concept of chemical reaction 
progresses through successive stages of interaction with the appropriation other concepts such as the state change. 
Laugier & Dumon (2000) [ ]  showed that the difficulties faced by students at the level of representation of the 
concept of chemical reaction by the balance equation in macroscopic and microscopic records results in their 
inability to use the symbolic register correctly. 
2. Methodology 
In order to harvest data, we presented a questionnaire to the students of the first and the second year of the Bachelor. 
The questionnaire-test (in Arabic) consisted of 3 items (see annex): 
1.      Definition of the oxidation and reduction. 
2.      Categorisation of transformations. 
 
3.      Equilibration of four half-equations of redox. 
The questionnaire was distributed in four high schools in Casablanca. We were able to recover 148 copies, including 
91 copies from students in the first year of the Bachelor (grade11) and 57 copies from students in the second year 
(grade12) experimental sciences series. We used the software "sphinx" for the treatment of the results. In order to 
find explanatory elements of student errors and reveal a few beliefs PERHAPS?, we interviewed a few of them. 
3. Results and discussion 
3.1. Questionnaire-test 
3.I.1. Definition of the redox 
In this part, we asked the students to define redox. An incomplete response has been regarded as false. It was 
expected to definitions based on electron transfer or on the variation of the oxidation number or even the transfer of 
oxygen atoms. The responses are summarised in the following two tables: 
 
Table 1: Distribution of the responses of the first year students 
 
 
*Cited in Ouertatani, L. (2009), PhD thesis 
 Cited in Kerkeni, A. (2004), PhD thesis 
Definition of redox Nb. cit. Freq. 
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Table 2: Distribution of the responses of the second year students 
 
 
 
 
 
 
 
 
 
The false answers are essentially due to a reversal of the transfer of electrons. Oxidation is defined as a gain of 
electrons and not as a loss, while reduction is considered as "loss" of electrons. We find here an example a linguistic 
obstacle, which is the common perception PERHAPS? of the term reduction. 
(Reduction = loss).  
  
Few students have mobilized the concept of the oxidation number, while the transfer of oxygen atoms was not 
mentioned. This result confirms the breakdown in the taught learning of the concept and the lack of consideration 
for the history of the concept and its construction. 
  
For the second year students, the percentage of correct answers is lower PERHAPS, while the percentage of non-
responses is greater. The definition in terms of the transfer of oxygen atoms or variation in the degree of oxidation is 
altogether absent. All this confirms that students retain what they need to pass a duty or a review. The knowledge 
that is presented but not built upon is soon forgotten.  
  
The results regarding students in the first academic year, which showed that students have difficulty defining and 
clarifying the meaning of the transfer of electrons, confirm those of an investigation undertaken by Soudani and 
Cros(1998). 
However, the authors stressed that students only rarely use the transfer of atoms of oxygen to define the concept; 
although this definition is easier to remember because it would make the link between the concept of redox and 
everyday phenomena to which it is linked. 
As for the number regarding oxidation, we believe it is a difficult concept to assimilate for students who, in most 
cases, only know how to calculate it in a given chemical species, without design service and that by following a 
well-defined algorithm; they can master the use of force. 
 
3.I.2. Categorisation of transformations 
This part aims to confirm or overturn the assumptions we made, which state that the teaching of the concept of 
redox is not sustainable and that students have difficulty recognising redox events in daily life and differentiating it 
from other transformations. 
We analysed the responses to each of the proposals one by one. We have presented the results as a summary table 3: 
 
 
 
No answer 15 16,5% 
False answer 14 15.4% 
Electron transfer 60 65,9% 
Oxygen transfer 0 0,0% 
Variation of the oxidation number 2 2,2% 
total 91 100% 
Definition of redox Nb. cit. Freq. 
No answer 19 33,3% 
False answer 20 35.1% 
Electron transfer 18 31,6% 
Oxygen transfer 0 0,0% 
Variation of the oxidation number 0 0,0% 
total 57 100% 
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Table 3: Categorisation of transformations  
 
   
  
We will try to interpret the most significant results: 
- The reaction between acids and metals is considered by the majority of students as an acid-base reaction, as 
is the precipitation of iron by the hydroxide ion. In our opinion, the presence of the term "acid" or ion HO  
is a disruptive element for the student.  
- The term "combustion" does not necessarily evoke thoughts of the redox phenomenon for the majority of 
the students.  
- The non-apparition of the electric charges in the equation for the decomposition of water is an influential 
factor.  
- Respiration and photosynthesis are not considered PERHAPS? redox events, even though they are part of 
the  science of life and the Earth programme. 
- 35.2% of students do not know that the transformations that take place in the functioning of a battery are 
Redox phenomena; a result that is unsatisfactory, despite the fact that the stack is a familiar object for the 
student. Taught learning of redox should at least give an idea of the functioning of this tool, hence the need 
for familiar situations to address a concept scientist.  
- 
phenomenon of dissolution is often confused with fusion. Similarly, often the formation of ion in 
dissolution suggests that it is a redox reaction. With regards to students who have considered it an acid
base reaction, we believe that dissolution reactions often precede the acid-base reactions such as 
preparation of a solution of hydrochloric acid or sodium hydroxide, whereas students tend to believe the 
two transformations are complimentary. 
- 39.6% of students do not know that the solidification of water is a physical transformation and in particular 
a change of state. Searches were made at this level and the results show that students have difficulty in 
distinguishing the physical transformations of chemical transformations. We believe that the absence in the 
programme of a chapter involving the point of this distinction contributes to the difficulties faced by 
students. This joins the results of the work of Stavridou and Solomonidou (1998) that mentions that there is 
interaction between a chemical reaction, change of state and dissolution.  
  
3.I.3. Equilibration of the redox half-equations 
 
 In this part we asked the students to balance four half-equations of Redox. 
Proposals Non-response Redox Acid-base Other (Please specify) 
combustion of sodium in dioxygen 7,7% 38,5% 7,7% 46,2% 
reaction between acids and metals 3,3% 20,9% 72,5% 3,3% 
reaction between acids and bases 5,5% 7,7% 81,3% 5,5% 
rust formation 7,7% 74,7% 11,0% 6,6% 
solidification of water 8,8% 14,3% 5,5% 71,4% 
reaction between zinc and copper ion  5,5% 73,6% 8,8% 12,1% 
reactions in a cell 9,9% 64,8%           7,7%     17,6% 
dissolution of the salt in water 7,7% 24,2% 35,2% 33,0% 
fuel combustion 14,3% 24,2% 1,1% 60,4% 
respiration 4,4% 47,3% 2,2% 46,2% 
photosynthesis 7,7% 40,7% 7,7% 44,0% 
Fe2+ +2 OH-             Fe(OH)2 9,9% 47,3% 29,7% 13,2% 
2H2O                       2H2   +    O2     12,1% 56,0% 6,6% 25,3% 
105 A. Ferouni et al. /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  101 – 107 
The responses are considered as false if at least one of the four half-equations is not properly balanced. Presented in 
table 4 are the percentages of correct answers, wrong answers and non-answers. In table 5 we have presented the 
wrong answers in order to analyse and identify the sources of errors. 
 
Table 4: Global responses to the equilibration of the redox half-equations  
  
 
81.3% of students have failed to balance properly the four 
half-equations, which clearly means that students have 
great difficulty at this level, and supports our hypothesis 
about the basic concepts of chemistry, which remain 
improperly acquired. Students did not properly assimilate 
the concepts of: electron, atom, ion, molecule and electric 
charge of an  ion. 
 
Table 5: Types of false responses to the equilibration of the redox half-equations  
 
We note that the majority of the false answers (43.1%) come 
from the students' misconception that electrons must be 
placed next to ions in a half-equation of redox, while 13.9% 
put electrons next to negative ions, as if the electron has a 
positive electrical charge. Although when asked about the 
charge of the electron, students confirmed that it has a 
negative charge. 19.4% confuse the charge of the ion with the 
stoichiometric coefficient (ex: Zn+ 2 with 2Zn). 
  
3.2. Interview  
 As we have stated previously, the questionnaire-test, if it is very beneficial to identify difficulties students, remains 
insufficient to clear the approaches to the students about the models used in chemistry. Reason for which, we have 
estimated that it will be great value for semi-structured individual interviews with a few students. 
Randomly selected students are part of the second year of the Bachelor, section experimental sciences. The purpose 
of these interviews was to identify a few designs of students about the concepts of basic chemistry, the concept of 
redox and batteries, in order to confirm the interpretation of the results of our questionnaire-test. 
  
As we have stated previously, even though it is very beneficial with regards to identifying the difficulties 
encountered by students, the questionnaire remains insufficient to clear the approaches to the students about the 
models used in chemistry. With regards to how students approach the models used in chemistry. This is why we felt 
that it would be valuable to conduct semi-structured individual interviews with a few students. 
The randomly selected students are part of the second year Experimental Sciences section of the Bachelor. The 
the concept of redox and batteries in order to confirm the interpretation of the results of our questionnaire-test. 
4. Conclusion 
models learnt in chemistry is shockingly severe PERHAPS? The basic concepts of chemistry are not properly 
acquired, which shows that it would be impossible for the students to construct new knowledge for as long as their 
views remain the same. 
The most striking findings are: 
Electron in place Freq. 
just 18,7% 
false 79,1% 
Non-answers 2,2% 
Electron in place Freq. 
Electron placed on the left 6,9% 
Electrons placed next to the ions 43,1% 
Electron as if entity with a positive charge 13,9% 
Incomplete response 16,7% 
Confusion between load and coefficient 19,4% 
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o For many students the reaction between metals and acids, combustion, respiration, photosynthesis are not 
reactions of redox.  
o There is confusion between change of state, dissolution and decomposition.  
o There must necessarily be appearance of charge in a redox reaction that it was designed as such. I DO 
NOT UNDERSTAND THIS There must always be an appearance of charge in a redox reaction 
PERHAPS? 
o For the definition of the redox, students mainly refer to PERHAPS? electron transfer. The meaning of the 
transfer is not always mastered.  
o Reduction is loss of electrons (language barrier).  
o An ion with a positive charge is an atom having owned one  or more electrons.  
o An ion with a negative charge is an atom having lost one or more electrons.  
o In a half-equation, electrons must be placed next to the ions.  
o There is often confusion between the load carried by ion and the stoichiometric coefficient 
o The battery is a reservoir of electrons. In operation, these electrons are consumed to exhaustion; the 
battery is then used. No chemical transformation has place.  
o What is chemical is harmful.  
and the content of our programmes. Also, students must be educated about the role of chemistry and its contribution 
to the well-being of humanity. The construction of knowledge and the development of situations-problems should be 
based on examples from everyday life, and must provide answers to questions posed by the student, who at the end 
of his course must be able to interpret and explain a multitude of events around him. Teachers themselves must be 
educated about the thoughts of students and these should be taken into account.  
5. Suggestions and proposals 
Referring to our theoretical framework, we will try in the following to make a few proposals to improve the teaching 
of the concept of redox in helping students to overcome the obstacles and difficulties and enable them to build their 
knowledge on the concept. 
As we noted in our assumptions, which were confirmed by our investigation, the difficulties encountered by students 
as to the correct writing of redox half-equations is closely connected with the basic concepts (atom, electron, ion, 
molecule) taught previously. 
We believe that a concatenation of the concept of redox with these basic concepts will be of great help. The chapter 
on the redox may be introduced in the common core (Grade10), just after the teaching of chemical reaction. The 
usefulness of this concatenation is that, on the one hand, the assimilation of concepts will be reinforced by the study 
of the redox; while, on the other hand, their acquisition contributes to a better use of the model of the half-equations 
for the interpretation of the redox phenomena. Thus the student will have the opportunity to consolidate his 
atomistic knowledge and understand the basic concepts  
Quantitative study of the chemical transformations may be postponed until the first year (Grade11). In our view, the 
table of progress is often used in a mechanical way that is not correctly understood by students. 
Similarly, in our estimation, the introduction of the concept of redox may be preceded by: 
 An overview of the construction of the concept in the history since the phlogiston until the definition given 
by Lavoisier is needed because the student must understand that the construction of knowledge is not a 
linear process without obstacles.  
On the other hand, there is always a chance to identify epistemological obstacles based on the student level, as 
reported Astolfi and Petefalvi (1993): 
 " Often there was a certain relationship between the performances of students and the epistemological 
obstacles that the history of science had to overcome: representation of the forces and the impetus 
(Giordan and De Vecchi, 
1987)."   
 Recall the definition of the redox as transfer of oxygen atoms, by introducing the phenomena familiar to the 
student 
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For the definition of the concept of redox as electron transfer, we propose an educational idea which seems more 
appropriate for the construction of knowledge. 
Traditionally, the concept is introduced based on the reaction between metals and acids or metal solutions and 
metals. However, this type of reaction does not highlight the transfer of electrons in a clear manner in the spirit of 
the student. Similarly, it is not part of the situations which are familiar to him or her. This is why we believe that the 
study of the electrochemical battery will be a good starting point to address the concept as electron transfer. 
We also call for the students, accompanied by their teachers, to visit industrial entities and plants to change the 
negative connotations chemistry has in the minds of the students. Educational authorities must facilitate and 
encourage such outputs. As we noted earlier, a similar study began with students who have completed the new 
programme that differs from the former in a variety of ways. The concept of redox is introduced in the first year of 
secondary education and treated in a more succinct manner, focusing only on the electron transfer. The concept of 
the oxidation number and the transfer of oxygen atoms are not treated. The study of the electrochemical battery is 
introduced only towards the end of the programme in the terminal year (in Science of life and of the Earth and 
Physical Science section). The study of electrolysis is reserved until the terminal year of the Physical Sciences 
section. 
In addition, the introduction of new programmes is accompanied by a range of manuals whereas the old programmes 
were based on a single manual for each level. PERHAPS? 
Exploratory study based on the same test questionnaire presented to second year students and students who have 
completed the first year of higher education, and the review of 284 copies of the physical sciences section students 
having passed the bachelor examination, showed that the inherent beliefs and errors  persist among these learners.  
These students still have difficulty writing the half-equations of oxidation-reduction level or writing equations 
balance sheets and the distinction between reactive and products is not always successful. The placement of 
electrons in a half-equation is a problem, especially when negatively charged ions are present. 
All this finally encourages us to ask: 
All this finally encourages us to ask: 
        What is the impact of the change of programmes on students' conceptions? 
         
        How do teachers follow the official instructions for the execution of programmes? 
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